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http://dx.doi.org/10.1016/j.bgm.201
2214-0247/Copyright ª 2014, TaiwanAbstract In this study, detection and characterization of class 1 integron-associated gene
cassettes from Pseudomonas aeruginosa isolates in southern Taiwan were investigated. The
study focused on the association between integron-associated resistance gene cassettes and
multidrug resistance in P. aeruginosa isolates. Using polymerase chain reaction amplification,
DNA sequencing, and basic local alignment search tool analysis, a total of 22 different types of
gene cassette arrays were detected in 162 class 1 integron-positive P. aeruginosa isolates. We
first identified 11 different types of new gene cassette arrays within class 1 integron in P. aer-
uginosa isolates, including aac(60)-II-catB2-aadA2, aac(60)-II-aadA2, aac(60)-II-catB2, aacA4-
aadA15, aacC1-orfA-orfB-aadA1, cm1A-aadA1, catB3-blaOxA-10-aadA15, aacA4-catB8-aadA1,
aadB-orfF1-aadA11, dfrB1, and dfrB4a-aacA4-aacA4-aadA1. Of these, aac(60)-II-catB2-aadA2
was the most frequently found gene cassette. Twenty-one (21/162, 12.9%) strains carrying
two different types of gene cassette arrays of catB3-blaOxA-10-aadA15 and aac(6
0)-II-catB2-
aadA2 were also simultaneously present in the P. aeruginosa isolates. A novel dfrB4a gene,
different from the dfrB4 gene detected in the gene cassette array of dfrB4a-aacA4-aacA4-
aadA, was characterized. A metallo-b-lactamaseo gene was also found to be carried on the
gene cassette of blaVIM-3-orf2a-aacA4-aadB-aacA4 inserted in a class 1 integron obtained from
meropenem-resistant P. aeruginosa isolates.
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Pseudomonas aeruginosa is one of the most important agents
in nosocomial infections.1 The multidrug resistance in P. aer-
uginosa isolates was strongly associated with their intrinsic
drug efflux pump and acquired antibiotic-resistance mecha-
nisms. The relationship between the antibiotic-resistance
phenotypes and class 1 integrons and their associated anti-
microbial resistance genes in clinical pathogens has already
been identified.2 New integron-associated gene cassettes
were frequently recognizedwithanever-increasingamount in
multidrug-resistant P. aeruginosa isolates.3 Meanwhile, large
conjugative plasmids containing transferable transposon in
addition tocomplexclass 1 integronswerealso identified from
multidrug-resistant P. aeruginosa isolates. In a study of envi-
ronmental strain of Pseudomonas putida, the reservoir of
multidrug-resistance determinants can be successfully
transferred to P. aeruginosa clones.4 Therefore, multidrug-
resistant P. aeruginosa isolates have an extraordinary ability
to acquire integron-associated antibiotic-resistance genes to
adapt to their adverse environmental growth conditions in the
hospital setting.5
Very little is known about the genetic mechanisms of
integron-associated antimicrobial resistance in isolates of
P. aeruginosa in southern Taiwan. In addition, molecular
mechanisms of multidrug resistance in P. aeruginosa iso-
lates associated with integrons and their antibiotic-
resistance gene cassettes have been poorly studied. The
major aim of this study was to characterize the class 1
integrons-associated gene cassettes in multidrug-resistant
P. aeruginosa isolates in southern Taiwan. The relation-
ship between gene cassettes and antimicrobial resistance
phenotypes of multidrug-resistant P. aeruginosa isolates
was also demonstrated.Materials and methods
A total of 735 nonduplicate isolates of P. aeruginosa were
obtained from patients admitted to the Kaohsiung Medical
University Hospital in southern Taiwan between 2010 and
2011. All isolates of P. aeruginosa were screened for theTable 1 Primers and probes used in this study.
Primer DNA sequence Nu
Int1F
Int1R
50-GGGTCAAGGATCTGGATTTCG-30
50-ACATGCGTGTAAATCATCGTCG-30
78
30
Int2A
Int2B
50-ATGTCTAACAGTCCATTTTTAAATTCTA-30
50-AAATCTTTAACCCGCAAACGC-30
14
19
Int3A
Int3B
50-GTGGCGCAGGGTGTGGAC-30
50-ACAGACCGAGAAGGCTTATG-30
19
95
50-CS
30-CS
50-GGCATCCAAGCAGCAAG-30
50-AAGCAGACTTGACCTGA-30
11
13
IPM-2F
IPM-2R
50-GTGTATGCTTCCTTTGTAGC-30
50-CAATCAGATAGGCGTCAGTGT-30
23
19
VIM-F
VIM-R
50-AAAGTTATGCCGCACTCACC-30
50-TGCAACTTCATGTTATGCCG-30
18
26
Probe for intI1 gene
Int11 50-CGCTGAAAGGTCTGGTCATA-30 47
Int12 50-GCCCAGCTTCTGTATGGAAC-30 83intI1, intI2, and intI3 genes by polymerase chain reaction
(PCR) amplification (Table 1). The gene cassettes within
class 1 integrons were amplified using 50-CS and 30-CS
primer pairs (Table 1). The PCR products were then
sequenced and identified using the basic local alignment
search tool (BLAST) program for gene cassette screening
strategy.
Antimicrobial susceptibility testing was determined by
the VITEK system (bioMe´rieux, Marcy-l’E´toile, France)
against commonly used agents including amikacin, ceftazi-
dime, ciprofloxacin, cefepime, gentamicin, levofloxacin,
meropenem, piperacillin, sulfamethoxazole/trimethoprim,
tigecycline, and piperacillin/tazobactam. Plasmid DNA
analysis and mating experiments were performed for 47
selected P. aeruginosa isolates carrying integron-mediated
gene cassettes including blaVIM-3-orf2a-aacA4-aadB-aacA4
(10 isolates), catB3-blaOxA-10-aadA15 and aac(6
0)-II-catB2 (6
isolates), catB3-blaOxA-10-aadA15 and aac(6
0)-II-catB2-aadA2
(21 isolates), catB3-blaOxA-10-aadA15 and aac(60)-II-aadA2 (5
isolate), and dfrB4a-aacA4-aacA-aadA1 (5 isolates). Plasmid
DNA was isolated by the alkaline lysis method.6 The transfer
of resistance genes in class 1 integron-associated gene cas-
settes in selected P. aeruginosa isolates was performed by
the filter mating method.7 The rifampin-resistant Escher-
ichia coli K12 MV10 RifR strain was used as the recipient.
Transconjugants obtained from mating experiments were
selected on LuriaeBertani medium (Difco Laboratories,
Detroit, MI, USA) containing rifampin (100 mg/L) and other
antibiotics. Southern hybridization was performed for the
detection of int1 gene using a digoxigenin (DIG) DNA detec-
tion kit (Roche Diagnostics GmbH, Mannheim, Germany;
Table 1). A DIG-labeled probe for the detection of int1 gene
was obtained by adding DIG-11-20,30-dideoxyuridine-50-
triphosphate to the PCR analysis and mixing with the Int11/
Int12 primers in accordance with the manufacturer’s in-
structions (Roche Diagnostics GmbH; Table 1).Results
Of the 735 P. aeruginosa isolates, 305 (41.4%) were positive
for the presence of class 1 integrons. Class 1 integron-cleotide position Accession no. Target gene
6-766
3-324
U49101 IntI1
71-1495
17-1887
AJ002782 IntI2
4-211
9-939
D50438 IntI3
90-1206
42-1326
M73819 Class 1 integron
variable region
-42
6-176
AB182996 blaIMP
31-1850
95-2676
AJ586617 blaVIM
1e490 U49101 IntI1
8e819
Table 2 Antimicrobial resistance phenotype among 162 isolates of Pseudomonas aeruginosa harboring class 1 integron-
associated gene cassettes.
Type of gene cassette [% (no. of isolate)] Antimicrobial resistance phenotype [% (no. of isolates)]
aac(60)-Ⅱ-catB2-aadA2 [10.4 (17)] CIP-GEN-LEV-SXT-TGC [4.9 (8)]
CAZ-CIP-FEP-GEN-LVX-MEM-PIP-SXT-TGC-TZP [1.2 (2)]
CAZ-CIP-FEP-GEN-LVX [0.6 (1)]
AMK-CAZ-CIP-GEN-LVX-PIP-SXT-TGC [0.6 (1)]
CIP-GEN-LEV-SXT-TGC [3.0 (5)]
aac(60)-Ⅱ-catB2 [1.8 (3)] CAZ-CIP-FEP-GEN-LVX-PIP-SXT-TGC-TZP [1.8 (3)]
aac(60)-Ⅱ [3.0 (5)] AMK-CAZ-CIP-FEP-GEN-LVX-PIP-SXT-TGC-TZP [1.8 (3)]
CIP-GEN-LVX-MEM-SXT-TGC [1.2 (2)]
aacA4-catB8-aadA1 [2.4 (4)] CAZ-CIP-GM-LVX-SXT-TGC [2.4 (4)]
aacA4-aadA2 [5.5 (9)] CIP-GEN-LVX-SXT-TGC [5.5 (9)]
aacA4-aadA15 [1.2 (2)] AN-CAZ-CIP-FEP-GEN-LVX-PIP-SXT-TGC-TZP [1.2 (2)]
aacC1-orfA-orfB-aadA1 [3.0 (5)] GM-SXT-TGC [1.2 (2)]
AMK-CAZ-CIP-LVX-MEM-PIP-SXT-TGC-TZP [1.8 (3)]
aadA2 [5.5 (9)] CIP-GEN-LVX-SXT-TGC [5.5 (9)]
aadA2 and aadB [1.2 (2)] CAZ-CIP-FEP-GEN-LVX-PIP-SXT-TGC-TZP [1.2 (2)]
aadA6-orfD [9.8 (16)] CAZ-GEN-MEM-SXT-TGC [1.8 (3)]
CIP-GEN-LVX-SXT-TGC [1.8 (3)]
GEN-SXT-TGC [6.1 (10)]
aadA7 [3.0 (5)] GEN-SXT-TGC [3.0 (5)]
aadB-orfF1-aadA11and dfrB1 [8.0 (13)] CAZ-CIP-FEP-GEN-LVX-PIP-SXT-TGC [0.6 (1)]
CIP-GEN-LVX-MEM-PIP-SXT-TGC-TZP[2.4 (4)]
CIP-GEN-LVX-MEM-SXT-TGC [0.6 (1)]
CAZ-FEP-PIP-GEN-TGC-CIP-LVX-SXT-TZP [4.3 (7)]
blaVIM-3-orf2a-aacA4-aadB-aacA4 [6.1 (10)] GEN-MEM-SXT-TGC [4.3 (7)]
AMK-GEN-MEM-SXT-TGC [1.8 (3)]
catB3-blaOxA-10-aadA15 and aac(6
0)-Ⅱ-catB2 [3.7 (6)] AMK-CIP-FEP-GEN-LVX-MEM-PIP-SXT-TGC-TZP [2.4 (4)]
AMK-CIP-FEP-GEN-LVX-MEM-PIP-SXT [1.2 (2)]
catB3-blaOxA-10-aadA15 and aac(6
0)-Ⅱ-catB2-aadA2 [12.9 (21)] AMK-CIP-FEP-GEN-LVX-MEM-PIP-SXT-TGC-TZP [5.5 (9)]
AMK-CAZ-CIP-FEP-GEN-LVX-MEM-PIP-SXT-TGC-TZP [3.0 (5)]
AMK-CIP-FEP-GEN-LVX-MEM-PIP-SXT-TGC-TZP [3.0 (5)]
CAZ-CIP-FEP-GEN-MEM-PIP-TGC [1.2 (2)]
catB3-blaOxA-10-aadA15 and aac(6
0)-Ⅱ-aadA2 [3.0 (5)] FEP-GEN-SXT-TGC [2.4 (4)]
FEP-GEN-SXT-TGC-TZP [0.6 (1)]
cm1A-aadA1 [3.7 (6)] CIP-GEN-LVX-SXT-TGC [3.0 (5)]
GEN-PIP-TGC-CIP-LVX-SXT [0.6 (1)]
dfrA12-orfF-aadA2 [3.7 (6)] CIP-FEP-GEN-LVX-MEM-PIP-SXT-TGC-TZP [1.8 (3)]
CIP-FEP-GEN-LVX-PIP-SXT-TGC-TZP [1.8 (3)]
dfrB1 [5.5 (9)] CIP-GEN-LVXMEM-PIP-SXT-TGC-TZP [4.3 (7)]
CAZ-CIP-FEP-GEN-LVX-PIP-SXT-TGC-TZP [0.6 (1)]
CIP-GEN-LVX-PIP-SXT-TGC-TZP [0.6 (1)]
dfrB4a-aacA4-aacA4-aadA1 [3.0 (5)] CIP-GEN-LVX-SXT-TGC [1.8 (3)]
CIP-GEN-LVX-SXT-TGC-TZP [1.2 (2)]
orfD [1.8 (3)] CAZ-CIP-LVX-MEM-SXT-TGC [1.2 (2)]
AMK-CAZ-CIP-FEP-GEN-LVX-PIP-SXT-TGC-TZP [0.6 (1)]
In(0) [0.6 (1)] SXT-TGC [0.6 (1)]
AMK Z amikacin; CAZ Z ceftazidime; CIP Z ciprofloxacin; FEP Z cefepime; GEN Z gentamicin; LVX Z levofloxacin;
MEM Z meropenem; PIP Z piperacillin; SXT Z sulfamethoxazole/trimethoprim; TGC Z tigecycline; TZP Z piperacillin/tazobactam.
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Class 1 integrons in Pseudomonas aeruginosa 77associated gene cassettes were detected in 162 (53.1%) of
the 305 isolates of class 1 integron-positive P. aeruginosa.
Among the 162 isolates of P. aeruginosa harboring class 1
integron-associated gene cassette, 115 (70.9%) carried
single integron and the other 47 isolates (29.0%) had two
different class 1 integrons. No class 2 or class 3 integrons
were detected in this study. After DNA sequencing and
BLAST program, a total of 22 different types of gene
cassette arrays were identified (Table 2). The results of
these 22 different gene cassette arrays showed that aac(60)-
II-catB2-aadA2 (23.5%) was the most frequently found gene
cassette, followed by catB3-blaOxA-10-aadA15 (16.2%) and
dfrB1 (13.2%). In addition, strains carrying the gene
cassette of catB3-blaOxA-10-aadA15 usually coexisted with
aac(60)-II-catB2-aadA2 (21 isolates) or aac(60)-II-catB2 (6
isolates) or aac(60)-II-aadA2 (5 isolates), which were
commonly found in our 32 P. aeruginosa isolates (Table 2).
Among the 22 different types of gene cassette arrays, the
following 11 (50%) were first detected in P. aeruginosa
isolates in southern Taiwan: aac(60)-II-catB2-aadA2
(GU934609), aac(60)-II-aadA2 (GU966684), aac(60)-II-catB2
(HM366563), aacA4-aadA15 (HQ705763), aacC1-orfA-orfB-
aadA1 (HM366564), cm1A-aadA1 (HM446156), catB3-blaOxA-
10-aadA15 (HM467196), aacA4-catB8-aadA1 (HM989924),
aadB-orfF1-aadA11 (HQ202807), dfrB1 (HQ317920; In46),
and dfrB4a-aacA4-aacA4-aadA1 (HQ317921; In216). In this
study, an oxa-10 gene cassette of catB3-blaOxA-10-aadA15
was identified in cefepime-resistant P. aeruginosa isolates.
The integron In46 (HQ317920), carrying single dfrB1 gene
cassette in class 1 integron, was first detected in P. aeru-
ginosa isolates and was not found in other bacteria.
In Table 2 it can be seen that there are nine isolates of P.
aeruginosa that carried a single gene cassette of dfrB1, and
13 isolates of P. aeruginosa that carried two class 1 inte-
grons of aadB-orfF1-aadA11 and dfrB1. However, there was
a new four-gene cassette array of dfrB4a-aacA4-aacA4-
aadA1 inserted into class 1 integron In216 (HQ317921).
Interestingly, three aminoglycoside antibiotic-resistant
genes of the aacA4-aacA4-aadA1 series were linked with
the dfrB4a gene. This novel dfrB4a gene was also first
detected in P. aeruginosa isolates in this study.
From the results of antimicrobial susceptibility testing
shown in Table 2, a total of 162 isolates of P. aeruginosa
harboring class 1 integron-associated gene cassettes were
found to be resistant to at least three or more antibiotics
tested except the empty integron In(0) type that lacked the
antibiotic-resistance gene cassette. Thus, the resistance
phenotypes of class 1 integron-positive isolates of P. aeru-
ginosa were highly associated with the presence of the
cassette genes within class 1 integrons. Moreover, 54
meropenem-resistant isolates (33.3%) were also detected in
162 class 1 integron-associated gene cassette-positive P.
aeruginosa isolates (Table 2). In the PCR analysis for the
blaVIM and blaIMP genes, the gene cassette of blaVIM-3-orf2-
aacA4-aacA4-aadB-aacA4 was detected in 10 of the 54
meropenem-resistant P. aeruginosa isolates. Plasmid DNA
analysis was performed in the aforementioned 47 selected
P. aeruginosa isolates, and 85.0% (40/47) of these P. aeru-
ginosa isolates were found to have no plasmid DNA. A
conjugation experiment was carried out for the remaining
seven selected plasmid DNA-positive P. aeruginosa isolates.
However, conjugative transfer of plasmid DNA intorecipient cells was not successful. Southern hybridization
with an intI1 probe indicated that these isolates failed to
detect class 1 integrons in the plasmid DNA among these P.
aeruginosa isolates. By contrast, chromosomal DNA of these
47 P. aeruginosa isolates showed positive results hybridizing
with an intI1 probe (data not shown).Discussion
In our isolates, the most frequently identified gene cassette
arrays were aac(60)-II-catB2-aadA2 (23.5%), catB3-blaOxA-10-
aadA2 (16.2%), dfrB1 (13.2%), aadA2 (11.8%), and aadA6-
orfD (10.3%) in the P. aeruginosa isolates tested. These
resistance gene cassettes conferred resistance to amino-
glycosides, chloramphenicol, b-lactam antibiotics, and
sulfamethoxazole/trimethoprim on P. aeruginosa isolates.
Although the gene cassette array of catB3-blaOxA-10-aadA15
was reported in another report involving P. aeruginosa
isolates, most of our P. aeruginosa isolates (90.6%, 29/32)
harbored the novel aadA15 gene with a silent mutation in
codon 31 (GTC31GTA).
8 Furthermore, three different
aminoglycoside-resistance genes of aacA4-aadB-aacA4a
linked with the gene cassette array in blaVIM-3-orf2a-aacA4-
aadB-aacA4a within class 1 integrons were also found in our
meropenem-resistant P. aeruginosa isolates. This gene
cassette array showed two-gene difference from an unusual
integron containing a gene cassette of blaVIM-3-orf2a-aacA4-
aacA4-aadB-aacA4, which was reported in another investi-
gation in northern Taiwan.8 These results suggest that
meropenem-resistant P. aeruginosa isolates would display
limited genetic diversity for the blaVIM-3 gene cassette
within class 1 integrons in Taiwan.
In recent studies, the resistance gene capture system of
class 1 integrons has been shown to play an important role
in the acquisition of antimicrobial resistance for Gram-
negative clinical pathogens.2 The high prevalence of class 1
integrons with a variety of gene cassettes in P. aeruginosa
isolates had been reported in other investigators.9,10 New
gene cassettes within class 1 integron were frequently
detected worldwide in P. aeruginosa isolates in different
geographical areas.11,12 Three different gene cassette ar-
rays of aadA2-linF, aacC3-cmlA5, and aacA4-catB8-aadA1
were demonstrated as the most common gene cassettes in
the Malaysian population.11 However, a new four-gene
cassette of aac(60)-II-aadA13-cmlA8-oxa-10 was reported
in East China.12 Moreover, different novel class 1 integrons
containing metallo-b-lactamase genes have been demon-
strated in P. aeruginosa isolates.13,14 In particular, class 1
integron containing blaVIM-2-qacF-aacA4-catB3-blaOxA-30-
aadA1 gene cassettes from P. aeruginosa was detected in
Korea.13 Two novel class I integron arrays containing blaIMP-
18-aadA43⊿-blaOxA-2-gcuD and blaIMP-18-aadA1b-blaOxA-224
were identified in P. aeruginosa isolates from Puerto Rico.14
By comparing the class 1 integrons gene cassettes in our
P. aeruginosa isolates with other Gram-negative microbes,
the most prevalent gene cassettes found were aacA4,
aac(60)-II, and aadA2. The aadA2 gene cassette has been
described in different Enterobacteriaceae species and
nonfermentative bacteria.15e17 There were four different
types of gene cassettes of aacA4-catB8-aadA1, dfrA12-orfF-
aadA2, aacA4-dfrA15, and aadB-aadA2, which were
78 K.-Y. Hsiao et al.commonly found in clinical isolates of Aeromonas spp.,15
Salmonella enterica serovar Choleraesuis,16 and Serratia
marcescens.17 The results suggested that horizontal gene
transfer through class 1 integrons was most evident among
the Gram-negative microbes. In conclusion, we have
described a high diversity of gene cassettes within class 1
integrons among multidrug-resistant P. aeruginosa isolates.
These findings suggest that antibiotic-resistance genes
captured by class 1 integrons in P. aeruginosa isolates under
constant antibiotic-selective pressure are frequently found
in hospital environments in southern Taiwan.
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